ECETOC has been developed an approach by which the health and environmental risks arising from the supply and use of chemicals can be quickly and reliably evaluated by chemical suppliers. The approach has been available as a web-based tool since 2004. During the development and implementation of the approach, ECETOC has consulted widely so that the approach is seen to meet the required levels of science while also meeting the differing needs of affected stakeholders. The consultation process has yielded a number of findings in terms of the considerations necessary for implementing successful riskinformed decision-making in a multi-stakeholder environment. Concurrently, as the European Commission's REACH legislative package has begun to take shape, it has also become apparent that the approach has a number of potential applications for aiding the process of risk assessment under REACH. This paper reviews these experiences within the broader context of the expectations that REACH places on chemical manufacturers and suppliers. In particular, it highlights the key role that REACH Exposure Scenarios have for evaluating, managing and communicating chemical risks.
Introduction
Chemical manufacturers and suppliers have a responsibility to ensure that their products do not constitute a risk to either human health or the environment. Historically, these responsibilities have been discharged through various mechanisms dependent on the nature of the use to which any particular substance or product is sold. For example, industrial products have been supported with safety data sheets and technical application notes; consumer products contain suitable cautionary advice and are often supported with additional instructions and warning labels.
Within Europe, several legal instruments exist to ensure that the hazards of chemicals are effectively communicated, for example, via the EU system for classification and labelling of substances and preparations and the provision of safety data sheets (SDS). However, the extent to which useful advice is specifically provided for users of chemicals to evaluate the risks that the use of such substances presents remains somewhat ad hoc.
With the above considerations in mind the European Centre for Ecotoxicology and Toxicology of Chemicals (ECETOC) was asked, by several of its member companies, to develop an approach that would enable chemical suppliers to evaluate systematically the risks presented by the use of chemical products under range of different circumstances of use. The broad aim would be to efficiently and reliably identify those uses that are likely to be of a potential concern (i.e. to constitute a potentially significant risk) and which hence require a more fuller investigation of the nature of the exposure control and risk management measurers traditionally adopted in those circumstances of use. In developing the approach, ECETOC was also asked to ensure that such a tool was simple to use and understandable by a range of users; chemical manufacturers and suppliers range from large international companies to small to medium sized enterprises and, in such circumstances, there is a need to ensure that any tools or approached that are developed are not only scientifically valid and robust, but are understandable and implementable by organizations without access to technical specialisms such as toxicology or industrial hygiene.
Background
During the initial ECETOC discussions, it became apparent that a range of possible approaches could be identified for achieving the objectives of having a robust, reliable and userfriendly tool for identifying ''scenarios of concern''. Indeed, such approaches already have been developed. Most notable are those which aim to assess and manage workplace chemical risks (Maidment, 1998; Money, 2003) , but similar simplified approaches have also been developed for areas of consumer product use (HERA, 2005) . It therefore became apparent that if ECETOC were to develop a tool capable of enabling suppliers of chemicals to target potential uses of concern, then not only must any approach ensure that all uses could be quickly evaluated, but the results of that assessment must align and be consistent with those of other established regulatory expectations relevant to that area. Furthermore, it also became apparent that although much work has been undertaken to describe those factors that are relevant in determining the nature of exposure (Schneider et al., 1999; Creely et al., 2005) , the number of ''critical determinants'' is often limited. These thus might be used as the basis for developing more simplified approaches to exposure assessment, provided the outcome of the process does not lead to circumstances where scenarios of concern are overlooked.
ECETOC therefore began a process of evaluating the utility of different approaches in undertaking simplified risk assessments, with the aim of identifying those elements that might be usefully integrated into an approach that demands a minimum of input information, while remaining robust in its ability to identify scenarios of concern. The core elements of the approach are shown in Figure 1 and full details of this activity are reported elsewhere ECETOC, 2004; Verdonck et al., 2005) . In addition to evaluating the scientific integrity of the various approaches, ECETOC also set out to establish a process for soliciting the views of stakeholders with the aim of ensuring that any new approach would not only be useful for manufacturers and users of chemicals but also acceptable to regulatory authorities.
In 2001, because of concerns regarding the ability of the existing regulatory regimen to adequately manage the health and environmental risks presented by the manufacture and use of chemicals in Europe, the European Commission (2001) developed a White Paper on the strategy for a future chemicals policy in Europe. ECETOC established its Task Force in 2002. By the time the European Commission (2003) had published its first ideas for the content of the regulatory package that is now known as REACH, it had become evident that the ECETOC activities not only had a direct relevance for the product stewardship ambitions of chemical manufacturers and suppliers, but were also directly applicable to many of the science ambitions of REACH. Specifically, in order that manufacturers/suppliers of chemicals are able to demonstrate that risks are well managed, REACH requires that some form of risk assessment is undertaken, documented and made available for each of the identified uses of a substance. In REACH, the term ''Exposure Scenario'' is used to describe the set of conditions, including available exposure control and risk management measures, which serve to enable the exposures to be predicted for any condition of use. REACH then requires this information to be conveyed to users of chemicals in extended safety data sheets. Clearly, the potential uses of many chemicals can be enormous. Therefore, The European Commission has encouraged discussion to identify approaches that would serve to efficiently ensure that risks are controlled while limiting the extent of communication of detailed Exposure Scenarios to those presenting the greatest risk. Moreover, based upon the series of stakeholder discussions, it became evident that there was a need to ensure that any tool developed met the following expectations:
widely (and ideally freely) available; the process for evaluating risks was clearly documented (and ideally capable of retention as a document file); the outputs of the tool aligned with expectations of REACH (including electronic document transfer, for example, as a contribution to the Chemical Safety Report) any tool was capable of maintaining the confidentiality of (some aspects of) business information; the structure of any tool was built on an IT platform such that users could be assured that it would be available into the medium/long term; and that the approach was iterative in its information demands to minimize resource demand by users.
To accommodate these various expectations, ECETOC set out to first define the scientific basis for the approach and then codify it into a web-based tool. The technical basis of the ECETOC targeted risk assessment (TRA) approach and tool is described in full elsewhere (ECETOC, 2004) , including the process by which the different elements were identified, evaluated and chosen. Figure 1 shows the key elements to the approach. In summary, the approach describes a series of situations (termed ''exposure scenarios'') that cover the common (workplace and consumer) uses of chemicals. Each exposure scenario is capable of some degree or iteration. For example, the effect of different combinations of workplace exposure control can be investigated. On the basis of the defined combination of exposure controls, the likely exposure arising from the recommended use of the substance is then predicted. The predicted exposure is then compared with some form of ''safe exposure level'' to determine whether the scenario is a concern or not. Different forms of ''safe exposure level'' can be inputted, depending on the quantity and quality of available toxicity data. This approach to risk assessment is consistent with that which might be expected by REACH. However, no formal guidance has been developed to clarify the details of the legislative expectations. But, consistent with the acceptance of tiered approaches to risk assessment in other areas of EU regulation, ECETOC believes the TRA provides the basis for an efficient and reliable approach to identifying situations in REACH where chemicals risks are minimal and those where detailed evaluations are warranted. The structure for such a concept is shown in Figure 2 .
The scientific elements of the ECETOC tool were finalized in 2003 and their codification onto a web-base completed in 2004. The tool requires that all users are registered before they can gain access to it. The registration is unique to each user and provides the basis by which users can elect to share or protect confidential information within the tool. The registration also provides a mechanism whereby the experiences of users can be ascertained. ECETOC has also structured the tool to maximize the amount of help that is potentially available for users; the key areas of science that relate to each part of the tool are accessible through dropdowns and help screens; the tool's data demands are layered, dependent on the quantity (and quality) of available supporting information such that the process of risk evaluation can be considered to be progressive and iterative; and substance risk assessment records can be uploaded and modified as new information becomes available.
Recent developments
Since the web tool was made available in 2004, over 500 users have registered for the tool. Users range from technical experts in industry through two regulatory agencies, academia, NGOs and consulting organizations and range in size from large multinational firms to SMEs. ECETOC has therefore taken the opportunity to consult users in terms of their perceptions of the strengths and weaknesses of the approach, in addition to continuing to engage in wider stakeholder discussion. As the REACH legislation has developed, the nature of the accompanying discussion has moved from focusing on political considerations to one that now seeks to evaluate technically the process for how REACH will be practically implemented. In this latter respect, the ECETOC TRA tool has been evaluated as part of the scoping study for the implementation project addressing how chemical safety assessments and reports should be developed and communicated under REACH (JRC, 2005) . The REACH scoping study was particularly supportive of the use of the ECETOC tool as a screening tool for identifying potential worker and consumer scenarios of concern. But it also identified a number of areas where the approach could be further developed to both improve its accuracy and to better align with the specific objectives of REACH. Some of these identified improvements are easy to address. For example, the choice of default values in some of the exposure models used to estimate consumer exposures. But some recommendations present a paradox; for example, reviews by technical specialists often conclude that further complexity of the models is desirable to deliver either increased specificity or accuracy, whereas the feedback from many downstream user groups suggests that, on the contrary, further simplification of the approach is required and that what is important (for them) is that the end result/output of the process is correct, rather than each stage being accurate and specific. Indeed, as ECETOC has continued to consult users on their perceptions of the tool, it is clear that the perceptions of different stakeholders on factors of ''usability'' are often diametrically opposed: technical specialists appear to adhere to a view that increased sophistication, coupled with an ability to over-ride standard defaults through iteration or intervention, yield a better output; whereas stakeholders lacking technical sophistication appear content to utilize ''black box'' approaches provided the end result remains in line with their experiences and legal expectations.
Discussion
The process by which science is enacted in regulation may not always be altogether straightforward. ECETOC originally developed its TRA approach with the aim of providing suppliers of chemicals with a tool that enable them to quickly and reliably identify potential scenarios of concern arising from the use of chemicals. The REACH legislation has similar objectives. However, both REACH and the ECE-TOC approach have subsidiary aims that are important to their prime stakeholders, but which may not be entirely compatible across other interests. For example, by basing its approach on a common science framework that has been subsequently encoded onto a web-based platform, the ECETOC tool ensures that all users arrive at consistent conclusion for a common set of conditions, no matter what chemical is supplied or what use the chemical is supplied for. Such a ''top-down'' approach is seen by some users of chemicals to be ''remote'' and not readily accessible for them, for example, it may be in a language, which is ''alien'' and may not incorporate the jargon often associated with their particular circumstances of use. Downstream users of chemicals have been a major political focus for REACH. As such, their needs have been seen as being paramount in some of the discussions led by regulatory agencies. Downstream users ideally wish to see REACH advice communicated in a manner that is tailored to the culture of their sector. This is understandable, as locally developed advice is seen as more accessible and hence has a higher chance of adoption in practice (Briggs and Crumbie, 2000; O'Hara et al., 2003) . However, in the absence of a common framework upon which such advice can be developed, then there is a distinct possibility that the nature of risk management advice across sectors and uses will vary. It is questionable whether such an outcome can be either ethically or legally sustained. In addition, from the perspective of chemicals suppliers, the potential liabilities associated with being required to provide different advice for different users for different chemicals is unacceptable.
ECETOC is now further consulting with industrial and regulatory stakeholders on the nature of desirable changes to the current web tool within the context of the role it could take under REACH. The tool is clearly capable of serving as a screening tool, that is, one that enables uses of concern to be quickly and efficiently identified in order that these can then be subsequently evaluated in further detail. However, as with all tools, it appears to have a reasonable reliability within a defined domain. Indeed, its high false positive ratio for some types of use mitigates against its application in those areas. Therefore, one simple option is to better define the domain of reliable use. Another option is to improve the overall specificity and accuracy by increasing the number of scenarios. The current version of the tool is intended to serve as proof of concept in that it contains a number of different approaches to evaluating health risks, based on different concepts of categorizing hazard and exposure. Some of these concepts used, although valid scientifically, do not appear acceptable for use under REACH. For example, REACH places the DNEL at its core and thus does not accommodate the use of other concepts that have been developed elsewhere to aid in the process of hazard and risk evaluation, for example, the threshold of toxicological concern (Kroes et al., 2000; Barlow et al., 2001) , generic occupational exposure limits (Guest, 1998; McKee et al., 2005) or hazard banding (CIA, 1993; Naumann et al., 1996; Brooke, 1998) . This lack of flexibility will create a challenge for REACH if it is to align with the risk advice currently being offered in some other areas of EU and national regulation. For ECETOC, one option would be to extend the tool to embrace the REACH methodologies whilst retaining the current (scientifically verified) alternatives, in order that users are provided with comparative assessments on which to base their actions and advice.
On the basis of the development of the tool and feedback from users, it is apparent that the key for improved usability and accuracy lies in the definition of the exposure scenario. The central role that the exposure scenario can potentially play in improving the nature of effective communication on ''safe uses'' is summarized in Figure 3 . Not only does the scenario provide the basis by which any information is communicated, but the manner in which the information is described also yields an opportunity to improve the basis for exposure predictions, evaluate the effectiveness of different risk management strategies (which by definition will include both engineering and procedural methods), as well as potentially offering the possibility of linking the scenario to other related advice that further help users of chemicals better manage risks, for example, the advice developed by government agencies, consumer groups or sectors of industry.
Conclusions
The development and implementation of the ECETOC TRA approach has yielded a number of findings in terms of the considerations necessary for implementing risk based decision making in a multi-stakeholder environment. The approach demonstrates that tiered strategies can be successfully developed and deployed to target where more detailed schemes for evaluating chemical risks need to be applied. It has also highlighted that, through refining/optimizing the description of the Exposure Scenario, it is possible both to improve the sensitivity and specificity of risk evaluations as well as providing the opportunity for identifying tools and other guidance that further help to refine risk estimates and target resultant risk management advice. In both respects, these serve to reinforce the pivotal role that the any Exposure Scenario has for evaluating, linking and communicating chemical risks.
The ECETOC tool was originally developed for a specific audience, that is, chemicals suppliers (who might be expected to possess suitably technical resources to assess the risks of their products). Applying the tool in a broader setting with wider user demands has, reassuringly, confirmed the overall integrity of the approach, yet also identified many potential areas for improvement. The paradoxical nature of many of these improvements is symptomatic of the competing expectations of many of the stakeholders in a regulatory activity that spans workers, consumers and the general environment. Therefore, it is perhaps overly optimistic to expect that a single tool will address all the expectations that all stakeholders groups have regarding REACH. More likely, a (limited) number of tools could be envisaged to support REACH and which cover not only the stricture of the regulatory obligation, but also the range of prevailing stakeholder expectations. Indeed, it could be further envisaged that having such a range of tools would also enable the integration of other advice for delivering chemical risk management information, for example, to embrace those also available from regulatory agencies, industry sectors, etc. This would then achieve a coherent approach to ensuring the safe use of chemicals across regulatory domains, while still delivering the necessary standards of risk assessment and offering the flexibility expected by chemicals users and suppliers. Figure 3 . Utility of exposure scenarios for evaluating, managing and communicating risk.
